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beyond the Weyl nodes both in the bulk and on the surface in condensed matter systems.
In high-energy physics, there are three types of fermionic particles, i.e. Dirac, Weyl and Majorana fermions, predicted by the Standard Model based on the Poincaré group in the universe. Condensed matter systems can realize a variety of fermionic quasiparticles at topological nodes: robust band crossing points protected from being gapped by nontrivial band topology [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , which have or not have analogues in high-energy physics. Angle-resolved photoemission spectroscopy (ARPES)
experiments have verified three types of topological nodes, i.e., Weyl nodes [19] [20] [21] [22] [23] , Dirac nodes 24, 25 , and the three-fold degenerate nodes 26, 27 . The Weyl nodes appear at linear crossings of two non-degenerate bands and carry nonzero Chern number C = ±1.
The nonzero Chern number makes Weyl nodes the pristine chiral topological nodes, and also necessitates the presence of exotic helicoid surface states having "Fermi arcs"
as their equal-energy contour.
Aside from Weyl nodes, theorists have proposed more exotic chiral topological nodes, such as double-Weyl nodes with quadratic band crossing 5 , three-component spin-1 nodes [6] [7] [8] , charge-2 Dirac nodes and spin-3/2 Rarita-Schwinger-Weyl nodes 3 with four-fold degeneracy [7] [8] [9] [10] , and double-spin-1 nodes with six-fold degeneracy [8] [9] [10] .
Although first-principles calculations have proposed these unconventional chiral nodes in numerous materials [5] [6] [7] [8] [9] [10] , so far experimental evidence is still wanted. In this work, we have experimentally verified the chiral spin-1 nodes and charge-2 Dirac nodes in the transition metal silicide CoSi by investigating its electronic band structures of both bulk and surface states with systematic ARPES measurements. Figure 1a illustrates the crystal structure of CoSi, in which each Co atom is bonded with six Si atoms and vice versa. They form a simple cubic structure of a lattice constant a = 4.445 Å with space group P2 1 3 (No. 198 ). The corresponding BZ in Fig. 1b is also simple cubic with four high-symmetry momenta Γ, X, M, and R.
First-principles calculations 8 have shown that the band structure has a three-fold degenerate point at Γ and a four-fold degenerate point at R near the Fermi level (E F ) ( While considering SOC, the bands split due to the absence of inversion symmetry.
However, the band splitting is of the order of meV because of weak SOC strength on the Co 3d and Si 3p orbitals 11 . Thus the SOC effects can be ignored in experimental work.
The quasiparticle excitations at the three-fold and four-fold degenerate points in CoSi are described as chiral spin-1 node and charge-2 Dirac node, respectively. They carry nonzero Chern numbers ±2 (refs. 7,8) , which are distinct from the experimental verified three-fold degenerate nodes 26, 27 and normal four-fold Dirac nodes 24, 25 .
According to the no-go theorem, the spin-1 and charge-2 points in CoSi must have opposite Chern numbers. It is expected to have two surface Fermi arcs connecting their projections on certain surfaces. Considering the band structure of CoSi, the Fermi arcs should lie in the gap between the bands #2 and #3. As shown in Fig. 1c ,e, the bands #2 and #3 form the hole-and electron-like Fermi surfaces (FSs) that enclose the spin-1 and charge-2 points, respectively, leaving a large direct gap between them in the regions other than the FSs. This is important for observation of surface Fermi arcs at E F .
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As illustrated in Fig. 1d Since the Co and Si atoms are strongly bonded by multiple covalent bonds in three dimensions, it is almost infeasible to obtain atomically flat surfaces by cleaving the single crystals. We thus tried to polish the surfaces of single crystals, and then repeatedly sputter and anneal the polished surfaces in vacuum. Eventually, we attained atomically flat (111) and (001) To illuminate topological attributes of the Fermi arcs, we plot the band dispersions along three cuts #1, #2, and #3 in Fig. 4e , and compare them with the calculated bulk states projected onto the (001) surface in Fig. 4f . As the bulk bands #2
and #3 contact only at Γ and R, they are gapped in the k x -k z planes with k y ≠ 0 and π/a, where the Chern number C can be defined. We found that C = +1 ( 
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